Aims Atrial fibrillation is common in patients with chronic heart failure (CHF). We analysed the risk associated with atrial fibrillation in a large cohort of patients with chronic heart failure all treated with a beta-blocker. Methods and results In COMET, 3029 patients with CHF were randomized to carvedilol or metoprolol tartrate and followed for a mean of 58 months. We analysed the prognostic relevance on other outcomes of atrial fibrillation on the baseline electrocardiogram compared with no atrial fibrillation and the impact of new onset atrial fibrillation during follow-up. A multivariate analysis was performed using a Cox regression model where 10 baseline covariates were entered together with study treatment allocation. Six hundred patients (19.8%) had atrial fibrillation at baseline. These patients were older (65 vs. 61 years), included more men (88 vs.78%), had more severe symptoms [higher New York Heart Association (NYHA) class] and a longer duration of heart failure (all P , 0.0001). Atrial fibrillation was associated with significantly increased mortality [relative risk (RR) 1.29: 95% CI 1.12-1.48; P , 0.0001], higher all-cause death or hospitalization (RR 1.25: CI 1.13-1.38), and cardiovascular death or hospitalization for worsening heart failure (RR 1.34: CI 1.20-1.52), both P , 0.0001. By multivariable analysis, atrial fibrillation no longer independently predicted mortality. Beneficial effects on mortality by carvedilol remained significant (RR 0.836: CI 0.74-0.94; P ¼ 0.0042). New onset atrial fibrillation during followup (n ¼ 580) was associated with significant increased risk for subsequent death in a time-dependent analysis (RR 1.90: CI 1.54-2.35; P , 0.0001) regardless of treatment allocation and changes in NYHA class. Conclusion In CHF, atrial fibrillation significantly increases the risk for death and heart failure hospitalization, but is not an independent risk factor for mortality after adjusting for other predictors of prognosis. Treatment with carvedilol compared with metoprolol offers additional benefits among patients with atrial fibrillation. Onset of new atrial fibrillation in patients on long-term beta-blocker therapy is associated with significant increased subsequent risk of mortality and morbidity.
Introduction
Atrial fibrillation is a common condition in patients with chronic heart failure (CHF) and left ventricular dysfunction and it is the most prevalent sustained arrhythmia among these patients. The prevalence of atrial fibrillation in large clinical trials varies between 13 and 50%, depending on the severity of heart failure. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Population-based studies have found the incidence and prevalence to increase with age and severity of heart failure. 12 A recent report from the Euroheart Failure survey found that 23% of 11 327 patients with heart failure had chronic atrial fibrillation. 13 The haemodynamic consequences of atrial fibrillation include inappropriate ventricular rate, loss of atrial contraction, and elevated filling pressures causing atrial dilatation and reductions in stroke volume. There is no consensus as to whether atrial fibrillation is an independent risk factor for morbidity and mortality in heart failure or just a marker of more advanced disease. The prognostic importance of atrial fibrillation has been assessed in several large studies 2, 5, [14] [15] [16] [17] and some outpatient groups with severe heart failure [18] [19] [20] 
KEYWORDS
Chronic heart failure; Atrial fibrillation; Beta-blockers; Prognosis
In the Carvedilol or Metoprolol European Trial (COMET), the effect of carvedilol compared with metoprolol tartrate was evaluated in patients with CHF during a mean follow-up of 58 months. 21 In the present report, we have analysed the prognostic relevance of atrial fibrillation at baseline as well the importance of new-onset atrial fibrillation on subsequent patient outcome.
Methods
COMET was a randomized, double-blind comparison of carvedilol with metoprolol tartrate. A detailed description of study design and inclusion/exclusion criteria has been published earlier. 22 In summary, eligible patients had symptomatic CHF [New York Heart Association (NYHA) class II-IV] and at least one cardiovascular admission during the previous 2 years. Left-ventricular ejection fraction had to be 0.35 measured within the previous 3 months by echocardiography or radionuclide ventriculography. Major exclusion criteria were requirement for intravenous inotropic therapy, current treatment with calcium channel blockers, amiodarone (.200 mg/day), class I anti-arrhythmic drugs, or administration of any investigational drug within the preceding 30 days, unstable angina, myocardial infarction, coronary revascularization or stroke within the previous 2 months, uncontrolled hypertension, haemodynamically significant valvular disease, or symptomatic ventricular arrhythmias within the past 2 months not adequately treated with anti-arrhythmic drugs.
At randomization, 3029 patients were allocated to receive either 3.125 mg carvedilol twice daily, 5 mg metoprolol tartrate twice daily with dose doubling bi-weekly until maximally tolerated or a target dose of carvedilol 25 mg twice daily or metoprolol 50 mg twice daily was achieved. Patient demographics were obtained at randomization together with a 12-lead electrocardiogram (ECG) and further baseline assessments. Clinical follow-up investigations were performed in 1 year intervals including a 12-lead ECG.
Analysis
On the basis of the presence of atrial fibrillation on the baseline ECG, patients were grouped as No AF or AF. Patients with a history of atrial fibrillation with sinus rhythm at baseline ECG were considered to have paroxysmal atrial fibrillation and included in the No AF group. Patients with sinus rhythm at baseline and ECG documented atrial fibrillation during follow-up were classified as new onset AF.
The primary outcome of COMET was all-cause mortality. A co-primary outcome was all-cause mortality or all-cause hospital admission. Secondary outcomes included cardiovascular death, worsening heart failure, or the composite cardiovascular death or hospitalization for worsening heart failure. An endpoint committee consisting of three experienced cardiologists classified death as cardiovascular or non-cardiovascular.
Statistical analysis
Differences between patients with or without atrial fibrillation were made using x 2 tests for categorical data and t-tests for continuous parameters. Kaplan-Meier estimates for mortality were calculated and differences between the groups assessed using Cox proportional hazard models. In order to adjust for all significant prognostic factors that might affect outcome, we produced a multivariable Cox regression model using baseline variables presumed to be of prognostic importance: age, gender, ejection fraction, blood pressure, NYHA class, aetiology, previous angina, S-creatinine, S-sodium, and dose of furosemide. Decisions regarding whether to include continuous parameters as linear covariates or as multi category factors were based on the functional form of each variable as a predictor obtained from Martingale residual plots. Where the plot did not appear to be linear, and there was no appropriate transformation, cut points were chosen from the plot to create categorical variables. The prognostic significance of new onset AF was assessed using a time-dependent Cox regression analysis. The same sets of baseline variables were included, and new onset AF and the NYHA class were introduced as time-dependent covariates. It is noted that the results presented were identical when adjustment was made for all significant baseline predictors, obtained for each endpoint using forward and backward stepwise procedures (data not shown).
All tests performed were two-sided and the significance level was 0.05. No attempt has been made to adjust the significance level of the data presented for multiple testing.
Results
There were 600 patients (19.8%) who presented with atrial fibrillation at the baseline ECG. Baseline demographic variables by the presence of atrial fibrillation are presented in Table 1 . Patients with atrial fibrillation were older (65 vs. 61 years; P , 0.0001), more often males (88 vs. 78%; P , 0.0001), had more severe heart failure symptoms as reflected by NYHA class, and had a longer duration of CHF. Ischaemic heart disease and dilated cardiomyopathy were the two most common aetiologies of CHF in both groups although the former was less common in the AF group (43 vs. 55%; P , 0.0001). Accordingly aspirin and, although not frequently used, lipid lowering therapy were more common in patients with sinus rhythm, whereas baseline atrial fibrillation was more often associated with treatment with digitalis, anti-arrhythmics, and anticoagulants.
Outcomes
The presence of atrial fibrillation at baseline ECG compared with no atrial fibrillation was associated with significantly increased all-cause mortality over a 5 year follow-up period [relative risk (RR) 1.29: 95% CI 1.12-1.48; P ¼ 0.0004, Figure 1 ]. Patients with atrial fibrillation also experienced a higher all-cause death or all-cause hospitalization rate (RR 1.25: CI 1.13-1.38) as well as cardiovascular death and hospitalizations for worsening heart failure rate (RR 1.35: CI 1.20-1.52; both P , 0.001) (Figures 2 and 3 ) .
A total of 11 pre-specified patient variables obtained at baseline including allocation group were included in a post hoc regression analysis model. After adjustment for baseline covariates in the Cox regression analysis, presence of atrial fibrillation was no longer significantly associated with all-cause mortality ( Table 2 ) . However, for all-cause mortality or all-cause hospitalizations, atrial fibrillation had independent prognostic impact (RR 1.13: CI 1.02-1.26; P ¼ 0.025). Furthermore, atrial fibrillation was of independent significant importance for all-cause mortality or hospitalization for worsening heart failure (RR 1.19: CI 1.05-1.35; P ¼ 0.007).
After adjustment for age and gender only, atrial fibrillation was no longer of independent prognostic importance for mortality. Allocation to carvedilol therapy remained of independent beneficial importance for all-cause mortality in this model (RR 0.836: CI 0.74-0.94; P ¼ 0.0042).
Risk after new onset AF during follow-up
In 580 of 2429 patients with sinus rhythm at baseline, onset of atrial fibrillation were reported during the study. New onset atrial fibrillation remained an independent predictor of subsequent all-cause mortality when treated as a timedependent variable (RR 1.90: CI 1.54-2.35; P , 0.0001) regardless of treatment allocation and changes in NYHA classification over time ( Figure 4 and Table 3 ). Treatment allocation to carvedilol or metoprolol did not affect incidence of atrial fibrillation (RR 0.93; P ¼ 0.2).
Discussion
In this analysis of COMET including 3029 patients treated with a beta-blocker during a follow-up of 58 months, the presence of atrial fibrillation at baseline was associated with a 28% increased risk of death. However, when adjusted for 10 baseline covariates plus allocation group, this prognostic impact was lost for mortality, but retained as regards the composite of mortality or all-cause hospitalizations as well as hospitalizations for worsening heart failure. The major differences between the two groups in age, gender, NYHA classification, and previous myocardial infarction were probably more important prognostic factors than atrial fibrillation. Our findings also demonstrate the beneficial long-term effects of treatment with carvedilol in these patients, as allocation to carvedilol compared with metoprolol remained significant in the multivariable analysis. Our findings contrast with several earlier reports. The major difference with our study and previous reports is the long-term use of beta-blockers in COMET. The multivariable model included many markers of the severity of heart failure, some of which may be present in patients both with and without atrial fibrillation.
Middlekauff et al. 23 evaluated the relationship of atrial fibrillation to overall survival and sudden death in 390 consecutive patients with advanced heart failure. They showed that 1 year survival rate was significantly worse for patients with atrial fibrillation than for patients with sinus rhythm (52 vs. 71%; P ¼ 0.001). Atrial fibrillation was independently associated with an increased risk of sudden death. Carson et al. 2 reported from the Vasodilator in Heart Failure Trials (V-HeFT) and suggested that atrial fibrillation did not increase morbidity or mortality. This study included only patients with mild to moderate CHF, and patients with atrial fibrillation enrolled in V-HeFT II had significantly higher mean left ventricular ejection fractions than those without atrial fibrillation. Importantly, in both V-Heft studies, the investigators decided the treatment for atrial fibrillation. Stevenson et al. 24 reported the prognostic importance of atrial fibrillation in patients with severe heart failure during the period from 1985 to 1989 and during the period from 1990 to 1993. In the first period, atrial fibrillation was associated with a worse outcome, which had disappeared in the second period. They suggested that the difference in mortality was due to a change in medication. Use of class I anti-arrhythmic agents had decreased and treatment with ACE-inhibitors had been introduced. In a retrospective analysis of the SOLVD study, baseline atrial fibrillation was an independent predictor of all-cause mortality (RR 1.34: 95% CI 1.12-1.62; P ¼ 0.002), progressive pump-failure death, combined endpoint of death, or hospitalization for heart failure but not for arrhythmic death. 5 Mahoney et al. 20 studied 234 patients eligible for heart transplantation. Mortality was similar in those with atrial fibrillation as with sinus rhythm. Atrial fibrillation was not an independent predictor of mortality. Crijns et al. 15 examined 409 patients with moderate to severe CHF from the PRIME II study and compared patients with sinus rhythm (n ¼ 325) to those with atrial fibrillation (n ¼ 84). Overall mortality was higher among patients with atrial fibrillation (60%) compared with those with sinus rhythm (47%; P ¼ 0.04) but the difference did not remain when adjusted for baseline covariates, similar to our findings. During the 3.4 year follow-up, 30 of 325 patients with sinus rhythm developed atrial fibrillation. The development of atrial fibrillation was not an independent predictor of subsequent all-cause mortality but the power in this analysis is limited. In the DIG trial, 866 patients (11.1%) developed supraventricular tachycardia at least once during 37 months of follow-up. 16 This event was associated with a greater risk of mortality (RR 2.453; P ¼ 0.0001) and stroke (RR 2.379; P ¼ 0.0001).
Two trials have evaluated prognostic value of conversion to sinus rhythm. In CHF-STAT atrial fibrillation substudy, amiodarone reduced mortality only if the patients converted to sinus rhythm (16 converters, 35 non-converters, P ¼ 0.04).
14 During a 4 year follow-up, 33 out of 531 patients developed atrial fibrillation.
In 506 patients enrolled in DIAMOND CHF and post-MI studies, conversion to sinus rhythm was associated with a reduced subsequent all-cause mortality (RR 0.44: 95% CI 0.30-0.64; P , 0.0001) with similar results regardless of treatment allocation and mechanism of conversion. 17 In the CHF study, 46 of 1080 patients with sinus rhythm at baseline developed atrial fibrillation during the 18 month followup. 7 Anti-arrhythmic therapy at baseline was associated with a significantly independent increased risk. By design, treatment with a class I anti-arrhythmic agent or amiodarone .200 mg/day was an exclusion criteria in COMET. Thus, the anti-arrhythmic group was almost entirely composed of patients on amiodarone. Amiodarone has been shown to improve survival in CHF in a randomized open trial 3 or not to increase risk in CHF-STAT. 4 Dofetilide, a class III agent, has been shown not to have a neutral effect on mortality in CHF patients. 7 Together with beta-blockers, amiodarone was found to have beneficial effects on mortality and morbidity in post-MI patients in EMIAT and CAMIAT. 25 However, in CIBIS-II, treatment with digitalis or amiodarone was independently associated with hospitalization for CHF with a borderline significant relationship with mortality for amiodarone. 10 In the DIG trial, there were more deaths reported in the digoxin group because of tachy-and brady-arrhythmias. 26 The adverse prognosis associated with agents as well as pacemaker treatment in our analysis, may be due to imbalance in the risk-profile among patients. However, the divergent findings between earlier trials and pivotal betablocker trials warrant further analyses. The ongoing AF-CHF trial will probably shed some light in this context. 27 Statin therapy at baseline was associated with a significantly lower risk. However, similar observations have been made in other studies and this observation probably signals different management and risk profiles not fully reflected in baseline demographics. 28 
Beta-blockers in CHF and atrial fibrillation
There has been no prospective trial on the effects of betablockers on outcomes in patients with CHF and atrial fibrillation. However, there have been reports from subgroups of trials. In the US carvedilol heart failure study, left ventricular ejection fraction and patients global assessment improved in a manner similar to the overall study. 9 The authors concluded that carvedilol probably reduces the combined endpoint of all-cause mortality and CHF hospitalization (7 vs. 19%; P ¼ 0.055 in study) in patients with atrial fibrillation. In CIBIS-II, the beneficial effect on survival by bisoprolol was observed in patients with sinus rhythm but not among those with atrial fibrillation (RR 1.161; P ¼ 0.55 for atrial fibrillation patients vs. RR 0.577; P ¼ 0.0003 for sinus rhythm patients). 10 In our analysis, we included only patients who were treated with a beta-blocker by design in COMET. Any beneficial effect by beta-blocker treatment was accordingly already taken into account. In this context, the presence of atrial fibrillation did not remain an independent prognostic factor for important clinical outcomes in the multivariable Cox regression model. Other prognostically important covariates became more significant, for example, age, gender, NYHA classification, ejection fraction, aetiology of CHF, or concomitant diseases. Furthermore, randomization to carvedilol treatment remained of independent importance in this model. It is interesting that during follow-up, incidence of new atrial fibrillation was associated with significant increased risk of subsequent mortality. Also, the incidence of new onset AF was high. Thus, even if atrial fibrillation was not an independent prognostic factor at baseline, the development of atrial fibrillation in patients with CHF during long-term treatment with beta-blockers is associated with significant subsequent adverse outcome including increased mortality.
Limitations
This study was not designed to prospectively assess the importance of atrial fibrillation. The presence of atrial fibrillation at the baseline ECG was used as definition of atrial fibrillation. We can therefore not evaluate the importance of paroxysmal compared with sustained atrial fibrillation. Incidence of new atrial fibrillation was also assessed by adverse events reporting or presence at ECG at the final visit, which of course was only possible in survivors. The impact of atrial fibrillation is therefore probably underestimated in this analysis. However, the long-term follow-up of 5 years and the large number of events, 600 patients at baseline and another 580 patients during follow-up, importantly contributes to our evaluation and makes it clinically meaningful.
Conclusion
In patients with CHF, the presence of atrial fibrillation and new onset of atrial fibrillation are common complications and have important clinical implications. Experience from COMET demonstrates additional benefits on mortality and morbidity of carvedilol in relation to metoprolol tartrate in these patients.
